Growing reports have argued about the possible association between vitamin D (VD) insufficiency and obstructive sleep apnea (OSA) prevalence and severity but with inconsistent results. This study aimed at investigating the association between VD level and OSA state and severity in Egyptian patients.
Introduction
Vitamin D (VD) is most known for its role in bone homeostasis by regulating calcium and phosphorus metabolism. Over the past decades, it has become apparent that VD also exerts noncalcemic effects. These so-called noncalcemic effects of VD include an increase in insulin production, a decreased renin synthesis, and an increased skeletal muscle strength, along with numerous immunomodulatory effects controlling immune activation on one side and enhancing anti-infectious defense on the other [1] .
Low serum VD is linked with worse musculoskeletal function, so patients with VD deficiency probably have higher risk for developing obstructive sleep apnea (OSA) owing to inadequate performance of the skeletal muscle supporting upper airways patency during sleep. Moreover, suboptimal VD is associated with chronic rhinitis, airway inflammation, and recurrent upper airways infections, ending with hypertrophied tonsils and increase in the prevalence and severity of OSA [2, 3] .
This study aimed at investigating the association between VD level and OSA state and severity in an Egyptian population.
Patients and methods
A case-control study was conducted in the Sleep Disordered Breathing Unit of Chest Department, Zagazig University Hospitals, during the period from January 2016 to January 2017. It was approved by Zagazig University Ethical Committee. Written informed consent was obtained from all participants.
Inclusion criteria
This study recruited 50 patients with OSA and 50 matched healthy controls. OSA was diagnosed by a full night sleep study using a computerized polysomnogram system Somno Screen plus
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Polysomnography (Somnomedics Co., Randersacker, Germany). Recordings were done automatically and scored manually regarding standard criteria. Diagnosis was established as follows: apnea: at least 90% cessation of airflow at least 10 s, hypopnea: a decrease of at least 30% in airflow at least 10 s followed by an arousal or at least 3% oxygen desaturation, and obstructive apnea: continued or increased ventilatory effort during the period of absent airflow [4, 5] . Patients with any medical condition that can affect VD level or those currently using VD, calcium supplements, or diuretic treatment were excluded [6, 7] .
All participants were subjected to the followings:
(1) Complete medical history taking focusing on sleep disordered breathing symptoms and general examination stressing on recording BMI. (2) Evaluation of symptoms of excessive sleepiness using Epworth sleepiness scale (ESS) [8] . (3) Serum VD level was measured using Roche cobas 6000 e 601 (Roche Diagnostics, Germany). Level less than 20 ng/ ml was considered deficiency, 20-29 ng/ml was considered insufficiency, and adequate level was considered as at least 30 ng/ ml [9] .
Statistical analysis
Categorical variables were expressed as a number (percentage), and continuous variables were expressed as the mean (SD). Independent samples Student's t-tests were used to compare between two groups. Percent of categorical variables was compared using Pearson's χ 2 -test. Pearson's correlation coefficient was done to detect relationship between various parametric data, where positive sign indicates direct correlation, whereas negative sign indicates inverse correlation. All tests were two sided. A P value less than 0.05 was considered significant. All statistics were performed using SPSS 22.0 for windows (Microsoft Co., Redmond, Washington, USA).
Results
A total of 50 cases with OSA and 50 age-matched, sexmatched, and BMI-matched healthy controls were enrolled. Cases with sleep apneas had a higher ESS (9.23±2.34, P<0.001) and a lower VD level (21.37 ±4.97, P<0.001) than controls (Table 1) . VD deficiency is associated with OSA, whereas adequate VD level is associated with normal controls. There was a significant negative correlation between OSA severity (assessed by apnea-hypopnea index) and VD level ( Table 2 , P<0.001).
Discussion
Growing reports argue about the possible association between VD insufficiency and OSA prevalence and severity but with inconsistent results [10] [11] [12] [13] [14] [15] . In this study, there was a significant lower VD level in patients with OSA compared with healthy controls, with a serum level that inversely correlates with the severity of OSA.
Several explanations linking OSA and low VD have been considered. One explanation is that VD suppresses proinflammatory cytokines and increases antiinflammatory cytokines. Therefore, VD by upregulation of inflammatory pathways can cause OSA, which is recently considered an inflammatory disorder [16] . Second, hypoxia is a presumptive factor involved in VD deficiency in patients with OSA, as in COPD [17] .
The most important link is that inadequate VD through airway muscle myopathy, adeno-tonsillar hypertrophy, and/or chronic rhinitis may increase the risk for OSA [2] .
Another explanation is that limited exposure to sunlight owing to excessive day time sleepiness or restricted physical activity due to obesity, in addition the poor diet, which causes both VD deficiency and obesity [2, 8] , Our results are in agreement with recent published studies on the prevalence of VD deficiency in OSA, whereby levels were lowest in severe OSA [6, 10, [18] [19] [20] . In study by Kerley et al. [6] , VD was inversely associated with OSA severity. On the contrary, Mete et al. [10] found no difference in either VD levels or the percentage of VD-deficient patients between OSA and controls, though their subgroup analysis found that severe OSA had lower VD levels and more VD deficiency than other OSA groups, as well as controls. In 2017, Salepci et al. [21] in their study found an incidence of VD deficiency regardless of sleep apnea status, and although a significant proportion of patients had VD deficiency, they observed no differences in VD levels related to OSA severity grade.The association between VD and OSA was attributed simply to be a marker of larger BMI, rather than directly contributing to OSA pathogenesis [22] . However, in the current work, both cases and controls were matched regarding most possible confounders. The current work's limitation was that controls did not undergo a sleep study, but they were matched regarding age, sex, BMI and had not experience any symptoms of day time sleepiness as assessed by ESS.
Conclusion
OSA had lower VD levels in comparison with healthy matched controls. This lower level of VD was correlated with OSA severity.
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